ctivity of 1-aminocyclopropane-1-carboxylate (ACC)-deaminase of rhizobacteria isolated from salt-stressed rhizospheres were screened based on their utilization of ACC as sole nitrogen source. Twenty percentage of the isolates achieved remarkable differences in the activities of ACC-deaminase ranged from 180 to 1398 nm α-ketobutyrate mg -1 h -1 . Phylogenetic analysis of 16S rRNA sequence of two strains with the highest level of ACC-deaminase activity revealed the first isolate was identified as Alcaligenes faecalis subsp. parafaecalis strain G and the second as Alcaligenes faecalis strain NBRC 13111. The influence of ACCdeaminase rhizobacteria on the ACC-induced classical triple response in etiolated wheat seedlings were studied. Results revealed that exogenous application of 3 mmol L -1 ACC creating classical triple response in seedlings under salt stress (10% NaCl). Inoculation with two ACC-deaminase rhizobacteria decreased the ACC-imposed classical triple response in etiolated seedlings, as significant increases in seedling length, root elongation and reduction in stem diameter over uninoculated ACC-stressed control were recorded. Studying the effect of salinity ranged from 0 to 10% NaCl on the growth and ACC-deaminase activitiy of the two bacterial strains revealed that gradual reduction in both growth and enzyme activity were demonstrated with increasing salinity. Both strains could tolerate the salinity up to 7% NaCl, A. faecalis strain G showed the highest ACC-deaminase activity at 1% concentration of NaCl, while A. faecalis strain NBRC recorded the highest enzyme activity at 3% NaCl.
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Two field experiments were conducted during 2014/15 and 2015/20116 at Ras Sudr Experimental Station to evaluate the effect of ACC-deaminase bacteria on the growth and productivity of wheat under salt stress condition. For all yield traits and chemical constituents of wheat grains, significant increase were recorded under ACC-deaminase bacterial inoculation comparing to control in both seasons of planting. The highest increase in the total microbial Plant growth-promoting rhizobacteria (PGPR), which is known as beneficial root-colonization bacteria have an direct or indirect useful role in enhancing plant growth, yield and nutrient uptake through various mechanisms of action (Mantelin and Touraine, 2004) . Some bacterial strains directly regulate plant physiology by facilitating the nutrient uptake through phytohormone production (e.g. auxin, cytokinin and gibberellins), increasing mineral and nitrogen availability in the soil and/or by producing siderophores (Kohler et al., 2006) . Indirect promotion occurs when PGPRinduced physical and chemical changes that result in preventing growth restricting conditions (Glick et al., 1999) and so enhancing tolerance to abiotic stress, which is termed Induced Systemic Resistance (ISR). One mechanism for inducing ISR of the plants is the production of ACCdeaminase enzyme by certain PGPR and this enzyme cleaves ACC, the immediate precursor of ethylene, to form α-ketobutyrate and ammonium and thereby lowers the level of ethylene in developing or stressed plants (Jacobson et al., 1994; Glick, 1995 and Glick et al., 1998) and in this way promote plant growth.
The PGPR containing ACC-deaminase are present in various soils and offer promise as a bacterial inoculum for improvement of plant growth, particularly under unfavorable environmental conditions such as flooding, heavy metals, phyto pathogens, drought and high salt. Inoculation of crops with ACC-deaminase-containing PGPR may enhance plant growth by alleviating negative effects of salt stress ethylene (Belimov et al., 2001) . A decreased ethylene level allows the plant to be more resistant to a wide variety of environmental stresses (Glick, 2005) such as salinity, drought and metal toxicity. So, plants that are inoculated with ACC-deaminase rhizobacteria are more resistant to the injurious effects of stress ethylene that is produced as a result of stressed environments such as drought and high salt concentration (Kausar and Shahzad, 2006 and Nadeem et al., 2007) . This study was conducted to isolate, identify highly efficient ACC-deaminase bacteria from rhizosphere and investigate its effect on plant growth under salt stressed condition.
MATERIALS AND METHODS

Isolation of Rhizobacteria
Rhizobacteria were isolated by dilution plate technique on TSA (Tryptic Soy Agar) medium from the rhizosphere of different salt-stressed plants cultivated in saline fields at Ras-Sudr, El-Maghara and Sahl El-Tina. The collected rhizobacterial isolates were purified by further streaking on fresh plates and stored in 20% glycerol at -20°C.
Screening for Rhizobacterial ACC-deaminase Activity
All bacterial isolates were screened for their ACC-deaminase activity based on their ability to use ACC as a sole nitrogen source. All isolates were grown in 5 ml of TSB medium incubated at 28 o C at120 rpm for 48 h. The cells were harvested by centrifugation at 3000 rpm for 5 min, washed, resuspended in 1 ml of 0.1 M Tris-HCl (pH 7.5) and inoculated on Petri plates containing modified DF (Dworkin and Foster) salts minimal medium (Dworkin and Foster, 1958) , supplemented with 3 mM ACC as sole nitrogen source. Plates containing only DF salts minimal medium without ACC served as negative control, while with (NH 4 ) 2 SO 4 (0.2% w/v) as positive control. The plates were incubated at 28 o C for 72 h. Growth of isolates on ACC supplemented plates was compared to negative and positive controls to select isolates utilizing ACC as nitrogen source.
ACC-deaminase Activity Assay
Quantitative measurement of ACC-deaminase activity was carried out according to a modified methods of Honma and Shimomura (1978) and Penrose et al. (2001) by measuring the amount of α-ketobutyrate generated by the cleavage of ACC by ACC-deaminase. For inducing ACC-deaminase activity, bacterial isolates were grown in 5 ml of TSB medium at 28 o C for 48 hours, the cells were collected by centrifugation, washed, suspended in 5 ml of modified DF minimal medium supplemented with 3 mM final concentration of ACC and incubated at 28 o C with shaking for another 72 h. The induced bacterial cells were harvested by centrifugation at 3,000 rpm for 5 min, washed twice with buffer (pH 7.5), and resuspended in 200 µl of 0.1 M Tris-HCl (pH 8.5). The cells were labilized by adding 300 μl of 5% toluene and vortexed for 30 seconds. Fifty µl of labilized cell suspension was incubated with 5 µl of 0.3 M ACC in an Eppendorf tube at 28 o C for 30 min. All sample measurements are carried out in triplicate. Blank included 50 µl of 0.1 M Tris-HCl (pH 8.5) with 5 µl of 0.3 M ACC. The samples were then mixed thoroughly with 500 µl of 0.56 N HCl by vortexing and the cell debris was removed by centrifugation at 12,000 g for 5 min. A 500 µl aliquot of the supernatant was transferred to a glass test tube and mixed with 400 µl of 0.56 N HCl and 150 µl of DNF solution (0.1 g 2,4-dinitrophenylhydrazine in 100 ml of 2 N HCl); and the mixture was incubated at 28 o C for 30 min. One ml of 2 N NaOH was added to the sample before the absorbance at 540 nm was measured. The values for absorbance versus α-ketobutyrate concentration (mM) were used to construct a standard curve. ACC-deaminase activity was expressed as nmol αketobutyrate g -1 biomass h-1 .
Identification of the Two ACC-deaminase
Two selected isolates were identified to molecular level using partial 16S rRNA gene sequence technique according to (Berg et al., 2002) in Sigma Scientific Services Co. The bacterial 16S rRNA gene sequences were amplified by PCR using the following universal 16S primers: F:-AGA GTT TGA TCC TGG CTC AG R:-GGT TAC CTT GTT ACG ACT T The PCR was performed by using a total volume of 20 µl containing 1× Taq & Go (MP Biomedicals, Eschwege, Germany), 1.5 mM MgCl 2 , 0.2 mM of each primer and 1 µl of template DNA (95°C, 5 min; 30 cycles of 95 °C, 30 s; 57°C, 30 s; 72°C, 90 s; and elongation at 72°C, 5 min). The PCR product was purified using Gene JET™ PCR Purification Kit (Thermo K0701). The sequencing to the PCR product was performed by using ABI 3730xl DNA sequencer by using forward and reverse primers (Lane, 1991) . The sequences obtained from bacterial isolates were analyzed using BLAST tool at the National Center for Biotechnology Information database (NCBI) Gene Bank database using the Basic Local Alignment Search Tool (BLAST) analysis tools (Altschul et al., 1990) to identify the most similar 16S rRNA sequences available in the Gene Bank.
Effect of Salt Concentrations on Bacterial Growth and ACCdeaminase Activities
To determine the activity of ACC-deaminase under salinity, different concentrations of NaCl were used ranged from 0 to 10% NaCl. The growth densities were estimated using spectrophotometer at 600 nm. And the ACC-deaminase activity was carried out at each concentration as described above.
Effect of ACC and Rhizobacteria on Classical Triple Response Bioassay
The effect of C 2 H 4 released from ACC on etiolated wheat seedlings were demonstrated by using the classical triple response bioassay, which is considered as one of the most specific actions of C 2 H 4 (Neljubow, 1901) . For this, wheat seeds were surface sterilized by dipping in 95% ethanol solution for 5 min, and washed thoroughly with sterilized water (Khalid et al., 2006) . Treated seeds were dipped for 5 min in the bacterial inoculum, each containing 10 7 -10 8 cfu ml -1 , five seeds were sown in 100 ml beaker lined with sterilized filter paper, wrapped with foil and treated with the following treatments:
Distilled water as control Distilled water with 10% NaCl (Maximum salt concentration can be tolerated by wheat seeds) Distilled water with 10% NaCl, 3 mmol L -1 ACC Distilled water with 10% NaCl, 3 mmol L -1 ACC and Alcaligenes faecalis strain G Distilled water with 10% NaCl, 3 mmol L -1 ACC and Alcaligenes faecalis strain NBRC All the treatments were replicated four times. The beakers were incubated in complete darkness throughout the experiment at 24±3°C. After 15 days, classical "triple" response was observed by recording seedling, root lengths and stem diameter. Also, seedling weight were recorded.
Field Experiment
Two field experiments were conducted in winter season during 2014/15 and 2015/2016 at Ras Sudr Experimental Station, South Sinai to evaluate the effect of ACC-deaminase bacteria on the growth and productivity of wheat (Sakha 94) under saline sandy loam soil irrigated with saline water. For bacterial treatments, wheat grains were moistened in CMC solution (1%) before application of bacterial inoculum (single strain and mixture of both strains) to get a thin, uniform coating of bacteria inoculum on seeds. Inoculated seeds were dried in shade before sowing (Samasegaran et al., 1982) , untreated control seeds were maintained. The experiments were designed in a completely randomized design with three replications. Phosphatic fertilizer as calcium super phosphat (15.5% P 2 O 5 ) was added at a rate of 150 kg/feddan. during seed bed preparation, 100 kg of potassium sulphate (50.0% K 2 SO 4 ) was added at flowering stage, whereas nitrogen fertilizer was applied as ammonium sulfate (20.5% N) at rate of 250 kg/feddan (half of recommended dose), where 1/3 of the amount was incorporated in dry soil before sowing, 1/3 was added one month after sowing and the rest was added one week pre flowering stage. The investigated soil is irrigated with saline water (EC about 7.94 dSm -1 ), which is considered to be the main source of irrigation water in this area. Some mechanical and chemical properties of the soil and the average characteristics of chemical analysis of well irrigation water are presented in table (1).
At harvest, the following traits were estimated: plant height, number of spikes/plant, 1000-grain weight, grain yield/plant, straw yield/plant and biological yield. Chemical analysis of wheat grains including total nitrogen, phosphorus and carbohydrate according to Bremner and Mulvaney (1982) , Watanabe and Olsen (1965) and Dubois et al. (1956) , respectively. 
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Microbiological Analysis of Wheat Rhizosphere
Total bacterial were counted on nutrient medium. CO 2 evolution (μg/g dry soil/h) in the rhizosphere were determined according to Parmer and Schmidt (1964) . Soil dehydrogenase activity (μg TPF/g dry soil/24 h) was analyzed by the reduction of 2,3,5-triphenyl tetrazolium chloride (TTC) to triphenyl formazan (TPF) as described by Pepper et al. (1995) . Briefly, one ml of 3% TTC solution, 2.5 ml pure water and 30 mg glucose were added to 6 g of soil and the samples were incubated for 24 h at 37°C. The sample was then blended with 20 ml of methanol and shaked at 200 rpm for 1 h, followed by filtering to extract TPF. The optical density of the filtrate was measured at 485 nm in spectrophotometer.
Statistical Analysis
Data were subjected to statistical analysis using the method described by Snedecor and Cochran (1990) . The least significant difference (L.S.D.) was used to differentiate means according to Waller and Duncan (1969) .
RESULTS AND DISCUSSION
Screening of ACC-deaminase Bacteria
All bacterial isolates were screened for ACC-deaminase based on using ACC as sole nitrogen source. Among 45 isolates, only nine isolates represented 20% of the studied isolates grew well on DF salt minimal medium with either ACC or ammonium sulfate serving as the sole nitrogen source, which was compared with DF salt minimal medium without nitrogen source. Results in table (2) show only isolates could use ACC as sole nitrogen source. Govindasamy et al. (2009) used the utilization of ACC as a sole nitrogen source for growth of rhizobacteria as criterion to select the isolates possessing ACC-deaminase activity. Low frequency of ACC utilization was reported in different rhizobacterial isolates and it varied from 3.86% in peanut rhizosphere (Dey et al., 2004) , 10.91% among bacterial isolates obtained from 35 different soil samples (Peyachoknagul et al., 1997) and only 11.59% among rhizobial strains (Duan et al., 2009 ). fig. (1) . Remarkable differences in the activities of ACC-deaminase were existed among the isolates, that the enzyme activities ranged from 180 to 1398 nm α-ketobutyrate mg -1 h -1 . Two strains coded as RW5 and RB1 achieved the highest level of ACC-deaminase activity among other isolates (Fig. 1) and selected for further investigations. As indicated by Safa and Ali (2011) , among rhizobacteria associated with natural plant Vigna radiata, the highest ACC-deaminse activity was exhibited by Bacillus pumilus (430 nmol h -1 ), Alcaligenes sp. (390 nmol h -1 ) and Providencia vermicola (377 nmol h -1 ).
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Fig. (1). ACC-deaminase activitiy of the bacterial isolates.
Identification of the Most Efficient ACC-deaminase Bacteria
Phylogenetic analysis of 16S rRNA sequence of the two ACCdeaminase bacterial isolates revealed the first isolate RW5 showed the maximum sequence similarity (99%) with Alcaligenes faecalis subsp. parafaecalis strain G, while the maximum sequence similarity of the second isolate RB1 was (99%) with Alcaligenes faecalis strain NBRC 13111 ( Fig. 2  and 3 ). When the nucleotide sequences were submitted, Gene Bank assigned NCBI accession number as NR 025357.1 and NR 113606.1 for Alcaligenes faecalis subsp. parafaecalis strain G and Alcaligenes faecalis strain NBRC 13111, respectively.
Effect of Salinity on the Growth and ACC-deaminase Activitiy of the Two Bacterial Strains
Growth of the two bacterial strains at different levels of salinity ranged from 0 to 10% NaCl was recorded in fig. (4) . Results indicated that both bacterial strains could tolerate the salinity up to 7% NaCl and the growth of two bacterial strains decreased as salinity of the growth medium increased. Dramatic reduction in the growth of A. faecalis strain G and A. faecalis strain NBRC was observed at 7 and 5% concentration of NaCl, respectively. Ping et al. (1998) indicated that Alcaligenes faecalis A1501 isolated from paddy soils in South China in 1980, could grow well in solid or liquid medium containing 0.8 mol/L NaCl and repressed in solid medium containing 1.2 mol/L NaCl. 
Bacterial isolates
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For enzyme activity, A. faecalis strain G showed the highest ACCdeaminase activity at 1% concentration of NaCl (2652 nm α-ketobutyrate mg -1 h -1 ), while A. faecalis strain NBRC recorded the highest enzyme activity at 3% (1872 nm α-ketobutyrate mg -1 h -1 ) and then gradual reduction in the enzyme activity with increasing salinity concentration were demonstrated as in fig. (5) . No enzyme activity was recorded at 9% concentration of NaCl for both strains. Bacillus licheniformis selected for its ability to utilize ACC as a sole nitrogen source under salinity stress showed a high ACC-deaminase activity at 0.6 M NaCl salinity (Kannika and Maneewan, 2012 ).
Lane 0 RW5 RB1 Fig. (2) . PCR profiles of 16S rRNA fragments amplification of the isolates (RW5 and RB1), lane 0; 100 pb plus DNA ladder. Fig . (3) . Evolutionary relationships between the identified isolates and their relatives in the Gene Bank.
187-20 8 Fig. (4) . Effect of salinity on the growth of ACC-deaminase bacterial strains.
Fig. (5).
Effect of salinity on the bacterial ACC-deaminase activities.
Effect of ACC on the Classical Triple Response
The experiment was conducted to demonstrate the effect of ACCdeaminase rhizobacteria and C 2 H 4 released as a result of precursor (ACC) in creating classical triple response on wheat seedlings as reported in table (3).
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Increasing the salinity of water to 10% NaCl caused a significant reduction in both stem and root length and increase in the stem diameter of seedling (classical triple response), which may be due to plant secretion of ethylene as a result of salt stress. The exogenous application of ACC to seedling under salinity stress causing a remarkable reduction in stem and root length reaching 48.7 and 70.5% and significant increasing in seedling diameters by 7.5% compared to control without ACC. Seedlings weight was also negatively affected upon addition of ACC in the growth medium that was 36.8% lesser than control without ACC. Many researchers reported that exogenously applied ACC significantly stimulate ethylene production in plant tissues (McKeon et al., 1982 and Khalid et al., 2006) . Production of classical triple response due to exogenously applied ACC in etiolated tomato and Arabidopsis seedlings were reported by Barry et al. (2001) , Ton et al. (2001) and Shaharoona et al. (2007) .
Also, results indicated that inoculation with two ACC-deaminase rhizobacteria caused a remarkable reduction in ACC-induced classical triple response that significant increase in stem and root length and significant decrease in stem reduction compared to uninoculated ACC-stressed control were recorded. Maximum increase in seedling and root length was recorded in response to inoculation with A. faecalis st. G that were 41.4 and 34.2% higher than that recoded for ACC-stressed uninoculated control, followed by A. faecalis st. NBRC that caused 40.1 and 29.4% increase in seedling and root length than uninoculated ACC-stressed control. Inoculation with rhizobacteria caused significant decrease in stem diameter as compared with ACC stressed uninoculated control. Mayak et al. (2004) reported that Achromobacter piechaudii having ACC-deaminase activity significantly increased the fresh and dry weights of tomato seedlings grown in the presence of NaCl salt (up to 172 mM). Nadeem et al. (2010) reported that rhizobacteria capable of producing ACC-deaminase mitigate salt stress in wheat. 
Field Experiments
As the investigated soil is irrigated with saline water (EC about 7.94 dSm -1 ), reduction in all yield components was detected in uninoculated plants. Salinity may directly or indirectly inhibit cell division, cell enlargement, which results in reduction of shoot length, number of leaves, dry matter accumulation, leaf size, ear length ,grain yield, straw yield, harvest index and test weight (Francios et al., 1986; Rawson, 1988 and Asha and Dhingra, 2007) .
For all traits recorded, significant increase were detected under different bacterial treatments comparing to control in both seasons of planting. The highest grain, straw and biological yield/plant in both seasons were recorded under mixed bacterial treatment with values of 15.61, 12.31 and 27.94 ardeb/feddan at the second season, respectively. This superiority in yielding ability was attributed to increasing the number of tillers/m 2 , number of spikes/m 2 and 1000-grain weight as clearly shown in table (4). For number of tillers/plants and weight of 1000-grains, significant increase with ACC-deaminase bacteria inoculation was detected without any differences between bacterial inoculation singly or as a mixture, which mean that both ACC-deaminase bacterial strains alleviated the effect of salinity stress. Arshad et al. (2008) indicated that inoculation with Pseudomonas spp. containing ACC-deaminase partially eliminates the effects of stress on growth, yield and ripening of pea. The Alcaligenes faecalis was found to have the ability to produce IAA, ACC-deaminase, phosphate solubilization and to fix atmospheric nitrogen (Neethu et al., 2016 and Amal et al., 2017) .
The most common explanation for the effect of rhizobacteria on plants is based on the production of phytohormones that alter plant metabolism and morphology, leading to improved mineral and water absorption (Bashan and Levanony, 1990) .
For chemical constituents of wheat grains, all bacterial treatments applied singly or as a mixture had a significant positive effect on N, P, protein and carbohydrate content of grains in both seasons as recorded in table (5). Muzaffer et al. (2014) demonstrated that plant growth promoting bacteria Alcaligenes 637Ca significantly increased fruit yield, weight of strawberry and concentrations of all plant tissue nutrients as nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), iron (Fe), copper (Cu), manganese (Mn) and boron (B) compared to control under calcareous soil conditions. The results showed that Alcaligenes sp. could be used as biofertilizer to enhance the vigor and yield of different plants (Safa and Ali, 2011) . In all treatments, total microbial counts tend to increase compared to the control one as in table (6). Plants inoculated with bacterial strains produced the highest increase in the total microbial counts in both seasons regardless the type of bacteria used. This is in agreement with that inoculation with the plant growth promoting rhizobacteria had stimulation effect on the population of rhizosphere microorganism (Ragab et al., 2006 and Ashrafuzzaman et al., 2009 ). The same pattern was indicated for CO 2 evolution and dehydrogenase activity of the rhizosphere regions that inoculation with any of bacterial treatment recorded the highest microbial activities. Soil respiration is very often used as an indicator of soil microflora activity. Average values of basal respiration were slightly lower (0.45 mg CO 2 /h per 100 g dry soil) than usual values (Popelarova et al., 2008) . Increased dehydrogenase enzyme activity is proportionally linked to microbial function (Caldwell, 2005) leading to improved nutrient cycling and availability, which favors root growth and promotes beneficial plantmicrobial interactions. 5 cfu/g dry soil -Initial CO 2 evaluation was 9.1 μg/g dry soil/ h -Initial Dehydrogenase was 88.2 μg TPF/g dry soil/24 h CONCLUSION Limited numbers of rhizobacteria isolated from salt-stress plants had the ability to produce ACC-deaminase enzyme with different degrees of activities. Alcaligenes faecalis strains were considered as highly efficient ACC-deaminase and growth promoting rhizobacteria. So, they can be used in practical application for promoting growth of plant species under environmental stresses.
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